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Table l. Major dimensions of the two standard nets used for 

the comparison with the modified nets 

Standard net, Large Standard net, Small 

Number of net pendants 3 2 

Distance betw. otter and wing tip (m) 140 155 

Length of head rope (m) 40 52.9 

Length of ground rope (m) 42 63.4 

OJ Diam. rubber bobbin (mm) 240 150 

Diam. steel ball (mm) 350 350 

Height at mouth of net (m) 10 - 15 5 - 6 

Dist. betw. wing tips (m) 21 - 40 18 - 28 

overall length of net (m) 60.0 33.5 

Mesh size (mm) 300,240,180,150,120,90 180,150,120,90 

Length of cod-end (m) 20 20 

Mesh in cod-end 100 100 



Table 2. Specifications for survey vessels and ship complements 

Ship name Fukui Maru, No.18 Tomi Maru, No.51 

Type of ship Stern trawler Stern trawler 

Ship length 56.88 m 55.06 m 

Gross tonnage 349.88 t 349.47 t 

co Color of hull grey grey 

Call sign JITW JNVQ 

Crew 23 24 

Captain Mamoru Katsumata Toshihiko Sasaki 

Home port Fukui, Japan Kushiro, Japan 

(Based at Ishinomaki) 



Table 3. Survey schedule for Fukui Maru, No.18 

Date 

Sep. 26 

27 

Oct. 06 

08 

26 

27 

28 

Nov. 06 

07 

Dec. 05 

12 

Place and activity 

Commenced charterage 

Left Ishinomaki Port 

Arrived at Dutch Harbor 

Commenced survey 

Left survey area 

Arrived at Dutch Harbor 

Resumed survey 

Arrived at Dutch Harbor 

Resumed survey 

Left survey area 

Arrived at Ishinomaki Port 

15 Charterage terminated 

-IO-

Remarks 

1 day at anchor 

10 days for cruise 

U.S. scientist embarked 

18 days on survey 

1 day for cruise 

Picked up fishing master 

10 days on survey 

U.S. scientist disembarked 

29 days on survey 

7 days for cruise 

3 days at anchor 



Table 4. Details of the experiments 

Serial Serial Number Number Number Gear used 
number of Date number of valid of rejected 
experiments of tow of tow data sets data sets Fukui Maru, No.18 Tomi Maru, No.51 

l X.8 - X.16 1 - 35 35 29 6 A: Large standard net A-1: Large net with 

hanging ropes 

2 X.16 - X.28 36 - 77 42 40 2 A: Large standard net A-2: Large net with 

baiting section 

of 2000 mm mesh ..... ..... 

3 X.29 - XI.4 78 - 106 29 24 5 A: Large standard net A-3: Large net with 

inner-wing section 

of 1000 mm mesh 

4 XI.5 - XI. 22 107 - 155 49 43 6 B-1: Small net with B: Small standard net 

hanging chains 

5 XI.23 - XII.4 156 - 175 20 15 5 B-2: Small net with B: Small standard net 

inner-wing section 

of 1000 mm mesh 

1 - 5 X.8 - XII.A 1 - 175 175 151 24 



Table 5. Statistics for the regressions of the catch with 
modified nets to the catch with standard nets. 
The re3ressions were based on the assumption that 
the relations can be expressed as Y =BX. 

Pacific 
Serial Pollock Sablefish Pacific Chinook Other Pacific Sable fish halibut 

number of Gear used Statistics cod salmon flatfishes halibut 
experiment weight weight weight number weight number Pollock othf.!r 

flatfishes 

Large net B 1.010 0.131 0.124 0.667 0.411 0.056 0.234 0.030 
l with 8 hanging r 0.850** 0.593** 0.664** 0.436 0.852** 0.464* 0.636** 0.209 

ropes n 30 28 30 11 30 25 25 24 

Large net B 0.617 0.643 o. 715 0.439 1.112 0.955 0.177 0.497 
2 with baiting r 0.976** 0.811** 0.891** 0.424 0.909** 0.696** 0.411* 0.718* ,.... 

N section of n 40 34 40 19 40 36 31 36 
I 2000 mm mesh 

Large net B 1.097 0.479 0.132 1.500 0.639 0.404 0.410 0.088 
3 with inner-wing r 0.938** 0.985** 0.894** 0.626 0.972** o. 77'),** 0.926** 0.461* 

section of n 24 24 24 7 24 24 19 24 
1000 mm mesh 

Small net B 0.661 0.957 1.283 0.000 0.997 0.758 1.100 0.684 
4 with 10 hanging r 0.928** 0.946** 0.814** 0.000 0.930** 0.892** 0.923** 0.707** 

chains n 43 42 36 3 43 43 42 43 

Small net B 0.568 l.059 0.748 0.075 1.065 0.613 3.09, 0.920 
5 with inner-wing r 0.850** 0.919** 0.901** 0.805* 0.904** 0.976** 0.981** 0.977** 

section of n 15 15 12 8 15 14 15 13 

1000 mm mesh 

r*, significant at 5% level, rl,;*, signifcant at 1% level. 
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Fig.2 Structure and major dimensions of the small standard net (Net B). 



(A) 

CB) 

(c) 

Fig.3 Schematic drawings of the standard net (A), net with either hanging 

ropes or hanging chains (B), and the structure of the net with 

hanging chains (C). The modified net (B} has the same structure 

with the standard net excep~ that fishing line is linked to ground 

rope by longer chain than usual to provide wide space to release 

animals which live close to the bcttom. 
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A2 

Fig.4 

A3 

- - - --- - -- - -

- - -----
~ -_ - _- : -:-_-· 

- . - -- - -- - - -- - -------- -------- - - - -- - - - -

A3 

The modifications of the large standard net (Net A). 

In the Net A-2, the panels in baiting section as indicated by an 

arrow were replaced by net of larger mesh of 2000 mm, and in the 

Net A-3, the panels in inner-wing section were replaced by larger 

mesh of 1000 mm. 
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Fig.5 The modification of the small standard net. 

The panels indicated were replaced by net with larger mesh of 

1000 mm in the Net B-2. 
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Preliminary Report of Japan-U.S. Joint Survey on Selective 

Trawls in the Bering Se in the Winters of 1984 

Keiichiro Mori 

(Japan Marine Fishery Resource Research Center) 

1. Objectives of the Survey 

In the U.S. 200 mile zone in the Bering Sea, catching salmons, 

crabs, Pacific halibut (.H.ippoglossus stenolepis), herring etc., is 

prohibited and it is a legal ooligation of commercial fishing boats 

operating in this area to minimize incidental catch of these species and 

to discard the catch of these species. To this end, commercial boats 

have spent much effort on an individual basis, to improve their fishing 

gear and methods of fishing operation to minimize incidental catch, and 

yet their efforts might not always be sufficiently effective. 

Hence, this survey was organized as a Governmental project to 

develop, systematically and scientifically, new fishing gears and methods 

of fishing operations which have adequate fishing efficiency for target 

species but minimize the incidental catches of prohibited species. The 

term of the programme extends for three years and will be completed this 

year. Special emphasis was placed on improving fishing gears in this 

year's activity. 

2. Methods 

1) General Description 

Five new types of net were designed to minimize the incidental catch 

of prohibited species through modifications of the two standard types of 

trawl commonly used by commercial boats in the North Pacific. The 

effect of reducing the incidental catch of prohibited species with 

these five types of net was evaluated through a comparison with the 

original net in situ for the catch quantity, species and size composi

tion of the catch. The newly designed nets and the original nets were 

towed simultaneously from two research boats running parallel. In 
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order to determine the effect of the modifications, other factors were 

kept as equal as possible in each set of experiments which should have 

had consisted of 50 tows. 

2) Construction of fishing gear 

The two original types of net are the two generally used by 

commercial boats in the North Pacific. The larger standard net (Fig. 1 

and Table 1) is designed to provide a height at the mouth opening of 10 

to 15 m to catch the target species of pollack effectively, and can 

also be towed at mid-water. For convenience, it is called Net A here

after. From Net A, three modified types of net were derived (called 

A-1, A-2 and A-3 for convenience) and were tested in the experiment. 

The other original net (Fig. 2 and Table 1) is designed to provide 

a height of 5 to 6 mat the mouth opening to catch the target species 

of pollack and flatfishes. From this net (called Net B hereafter for 

convenience), two modified types of net were derived and tested (called 

B-1 and B-2 for convenience). 

Net A-1: The major portion of the net, including the cod end, has the 

same construction as Net A, except that the ground rope which 

drags on the sea bottom during the tow and the fishing line 

actually fringing the net body which catches fish were linked 

with eight hanging wires 1.5 min length (Fig. 3). This 

modification was expected to enable some of the prohibited 

species such as crabs, Pacific halibut, etc. that lie flat 

on the sea bottom to escape through the space between the 

wire ropes. 

Net A-2: This net has quite a similar construction as Net A, except 

for the baiting panel, in the ceiling portion of the net, 

which was modified to have a wider mesh of 2,000 mm (Fig. 4). 

This modification was expected to enable salmons to escape 

from the large mesh, because the fish was believed to swim 

- 2 -



upward for the light once captivated. 

Net A-3: This net has quite a similar construction as Net A, except 

for the inner wing section of the net which was modified to 

have a wider 1,000 mm mesh (Fig. 4). This modification was 

expeded to enable some of the prohibited species to escape 

through the wide-meshed section. 

Net B-1: The major portion of net including the cod end has quite the 

same construction as Net B except that, as is the case with 

Net A-1, the ground rope which drags on the sea bottom during 

tow and the fishing line were linked with ten hanging chains 

1.5 min length (Fig. 3). This modification was expected to 

enable Pacific halibut and some other fish to escape through 

the space between the chains. 

Net B-2: This net has the same construction as Net B except that the 

inner wing section of the net was modified to have a wider 

mesh of 1,000 mm (Fig. 5). This modification was expected to 

enable some species to escape through the section. 

Hand ropes, net pendants and ground ropes were replaced by a 

larger gauge midway through this survey, but the effect of the change 

on the performance of the net was considered negligible. The larger 

standard net and its modified versions had many breakage caused by tows, 

and the nets were trimmed in inner wings and side panels for the 10th 

through 105th tow. Because the trimmings were done in the same manner 

both in the standard and the modified nets, it was assumed that the 

catching efficiency also was affected in the same way between these 

nets. 

3) Towing details 

In the fishing ground, two research vessels were used, and 

the new and the original nets were towed simultaneously from the two 
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vessels running side by side. The distance between the vessels was 

intended to be approx. 200 m, and it was kept as constant as possible 

during the tow. The towing speed was set at 3.5 Kt and thereabout in 

accordance with the speed of commercial vessels operating in the area. 

The tow duration was defined as the time period extending from when 

the ground rope reached the sea bottom after tow begins, until the warp 

begins to be pulled up, with the value set at 90 minutes. The towing 

direction was selected in parallel to isobath and the two vessels alter

nated their relative positions to eliminate possible errors that would 

result if one vessel consistently had either the deeper or shallower 

course. 

4) Catch estimation 

Fish caught were deposited in the fish bin, and then the volume 

of the catch was estimated from the depth of the catch. Further, a 

suitable amount of aliquote was taken in plastic baskets with a known 

capacity and each basket was weighed to know the average density. The 

number of baskets weighed ranged from 12 to 30 depending on the size 

of catch. The total catch weight was calculated from the estimated 

average density and total cubic volume. 

All the fish weighed for estimation of the density were sorted 

into species and then weighed again so that catch by species was 

estimated. In the case of small catches, the entire catch was sorted 

into species and weighed. 

Prohibited species were all picked up from the catch and the 

number and weight were recorded. Particularly, Pacific halibut were 

measured only for their length so that they could be released intact, 

and the weight of each individual was estimated from a known weight

length conversion table. 



5) Other Items Included in the Survey 

The total catch of prohibited species was measured in weight and 

enumerated, and the length of other major species were measured with a 

minimum of 100 fishes per tow. Measurement of length was done using a 

measuring board and a punching sheet. This measurement was intended 

to determine, for a particular species, whether or not the length of 

fish caught in the net makes any difference in escaping via the trawl 

net mesh. Pacific halibut caught in the nets were tagged and released 

by personnel from the IPHC (International Pacific Halibut Commission) 

sharing the boat. Observations were made on water temperature using 

an X-BT covering from the surface to the bottom from time to time. 

6) Research Vessel and Personnel 

Research personnel: Narumi Kobno; Japan Marine Fishery 

Resource Research Center 

Kazuo Hamarnura; Japan Marine Fishery 

John Verhey; 

Resource Research Center 

International Pacific 

Halibut Commission 

Research vessel: Fukui Maru, No. 18 and Tomi Maru, No. 51 were 

chartered. Specifications for the two vessels 

are outlined in Table 2. 

7) Survey area, survey schedule and the number of tows 

The entire cruise lasted 60 days, from October 8th to December 

5th, 1984. The schedule ~allowed by the Fukui Maru, No. 18 is shown 

in Table 3, and the Tomi Maru, No. 51 followed exactly the same 

schedule, except that her port of departure/arrival was Kushiro. 

The experiments were carried out on the continental shelf and on 

the continental slope in the area between the Unimak Pass and 59° North 
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Latitude and between 165° and 178° West Longitude in the Bering Sea 

(Fig. 6). The location of towing was centered around the Unimak Pass 

partly because frequent stonns posed unfavorable conditions for towing 

in the norther part of the survey area, and partly because the presence 

of many commercial long-liners in the areas. 

A series of experiment comprised comparative tows of newly 

designed net and the original net. The whole survey included 5 series 

of experiments. The schedule, the number of tows and other information 

for each series of experiment is shown in Table 4. 

8) Validity of data obtained 

The original plan was that newly designed nets and the standard 

nets were to be towed simultaneously from two research vessels running 

in a parallel manner. However, in practice, various differences arose 

in the towing perfonnance of the two tows. Therefore, the following 

standards were established to detennine the validity of data obtained. 

i) Time lag in starting and completing the tow: In principle, if 

there is a time lag of more than 20 minutes between the two 

boats, the data obtained was rejected. 

ii) Differences in towing duration: In the case of a difference 

exceeding 30 minutes, the data obtained was rejected. In the 

case of a difference of 30 minutes or less with little difference 

in towing location, the data was accepted. 

iii} Differences in towing location: In the case of a difference of 

3' or less in latitude and 5' or less in longitude, the data was 

accepted, but in cases exceeding those limits, it was rejected. 

iv) Difference in the depth of tow: Since the depth of tow varied 

from time to time during towing, it was impossible to compare 

the depth of tow between the two vessels for the whole course of 
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tow. Therefore, the depth was compared between the two vessels 

both at the beginning and the end of tow, and if there was no 

major difference, the data was accepted. If there are no details 

on the tow depth in the field notes, the data was accepted 

provided that the towing location of the 2 vessels was not too 

distant. 

v) The status of nets towed: The breakage in the nets were classi

fied into the 3 categories: serious, moderate and minor damages. 

If one of the nets had moderate or heavier damage, the data was 

rejected. 

3. Results 

Although 175 sets of tows were carried out in the survey, only 151 

sets of data were judged to be acceptable for use in evaluating the 

modified gear due to unfavorable conditions such as inclement weathers, 

net damage, etc. The amount of accurate data substantially varies 

within different experiments (Table 4). 

Parameters involved in each tow including date, location, depth, 

etc., are shown in Appendix 1, and the catch of major species and 

other records for each tow accepted for use in evaluating the gear 

modification are shown in Appendix 2. 

With the sets of data, the effect of gear modification was 

evaluated using two methods. First, the catches in both nets were 

graphed by species with the catch of the standard net on the abscissa 

and the catch of the modified net on the ordinate (Fig. 7). The same 

process was applied to compare the mixing ratio of sablefish to pollack 

and the ratio of halibut to other flatfishes. In the graph, 45° line 

indicates equal values, meaning there was no difference in catch 

between the nets. In other words, a dot plotted closer to the abscissa 
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in relation to 45° line indicates that the catch was smaller with the 

modified net than with the standard net. 

Secondly, assuming that the catch of the modified nets (Y) and the 

catch of the standard net (X) would fit a regression line of Y=BX, a 

regression and a correlation coefficients were computed for every set 

of data used in the comparison (Fig. 7 and Table 5). 

If every set of experiments had been carried out in one area with 

the same distribution density of a species, the catches of both nets 

should have formed a normal distribution around a specific mean value 

respectively. In practice, the location of tow varied even within the 

same experiment, and it would be unrealistic to expect the catch in 

both nets to have a specific mean value. It was assumed the catch of 

the modified nets had a fixed ratio against that of original nets for 

any one species. This assumption means the catch in both nets will 

have a specific liner relation. This is why a regression coefficient 

was computed as mentioned above. Thus, gradient B of the straight line 

shows the catch ratio of the modified nets to that of the original 

nets, and correlation efficient r shows to what extent this relation 

exists between the two variables. 

1) Experiment on large net with hanging ropes 

(Fig. 7-1 and Table 5) 

The pollack catch tended to be slightly higher with the modified 

net, but the difference was not remarkable. It can be rather said that 

there was no difference between the two nets. The sablefish catch was 

obviously lower with the modified net than with the standard net. 

Considering the regression coefficient, the sablefish catch using the 

modified net will always be approx. one eighth that of the standard 

net. A similar and more marked tendency was observed for Pacific cod. 

The number of chinook salmon caught was too small with both nets to 
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yield an effective comparison. Both the catch of Pacific halibut and 

that of all other flatfish were much smaller with the modified net 

the catch of flatfish excluding Pacific halibut with the modified net 

was usually somewhat less than half as much as the catch with the 

standard net. The ratio of the catch of sablefish to the catch of 

pollack was lower with the modified net than with the standard net. 

In regard to the ratio of the catch of Pacific halibut to the catch of 

all other flatfish, the experiments did not yield any statistically 

significant results, but it tended to be lower with the modified net. 

2) Experiment on the large net with a baiting section of 2,000 mm mesh 

(Fig. 7-2 and Table 5) 

A very marked correlation was seen for the pollack catch between 

the nets. The catch with the modified net was about 60% that of the 

standard net. A similar tendency was seen for sablefish and Pacific 

cod, while no significant correlation was seen for chinook salmon. 

The catch, in weight, of flatfish other than Pacific halibut was, in 

fact, a little larger with the modified net, and the catch in number 

of Pacific halibut was smaller with the modified net than with the 

standard net. Reflecting that fact, the ratio of the catch of Pacific 

halibut to the catch of all other flatfish was lower with the modified 

net. 

3) Experiment on the large net with a inner wing of 1000 mm mesh 

(Fig. 7-3 and Table 5} 

There was little difference in the pollack catch between the nets. 

The catch of sablefish and Pacific cod was remarkably smaller with the 

modified net, with this relation existing at a statistically high 

level. The number of chinook salmon caught by either nets was too 

small to allow an effective comparison. The catch of flatfish other 

than Pacific halibut with the modified net was about 60% that with the 
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standard net, with this relation existing at a statistically high level. 

The Pacific halibut catch was, on the whole, smaller with the modified 

net than with the standard net. The ratio of the catch of sablefish to 

the catch of pollack was approx. 0.41, markedly smaller with the 

modified net. 

4) Experiment on the small net with hanging chains 

(Fig. 7-4 and Table 5) 

The pollack catch with the modified net was about 60% that with 

the standard net, with a correlation at a statistically high level. 

Regarding sablefish and Pacific cod, the relation existing between the 

catch of both nets did not agree; there was no difference in the 

sablefish catch between the two nets, while the Pacific cod catch was 

larger with the modified net. The number of chinook salmon caught was 

too small to allow a meaningfull comparison. Although there was no 

difference in the catch of flatfish (excluding Pacific halibut) 

between the nets, the number of Pacific halibut caught was smaller 

with the modified net. The ratio of the catch of sablefish to the 

catch of pollack was slightly higher with the modified net. The 

ratio of the catch of Pacific halibut to the catch of all other 

flatfish was lower with the modified net. 

Using this type of modified net, the pollack catch was considera

bly smaller than caught with the standard net. In contrast, the large 

net with the hanging rope (Net A-1) had almost the same pollack catch 

as that caught with the standard net from which Net A-1 was derived. 

At present, this inconsistency cannot be clearly explained. With 

these results, it will be necessary to carry out additional experiments 

under the proper conditions. 
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5) Experiment on the small net with a inner wing of 1,000 mm mesh 

(Fig. 7-5 and Table 5) 

This series of experiments yielded only 15 effective data sets, 

and the results obtained included some inconsistencies. The pollack 

catch with the modified net was about half that caught with the 

standard net. The regression coefficient for the sablefish catch was 

calculated as slightly higher than 1.0. Since the sablefish catch did 

not increase with the modification in gear, it was assumed there was 

little difference between the two nets. The catch of Pacific cod was 

smaller with the modified net. 

Only a small amount of accurate data was obtained on chinook 

salmon, and although correlation coefficient calculated from the data 

was not always large, the total number of chinook salmon caught was 

always smaller with the modiried net than with the standard net with 

the value being very small or zero. The fact clearly indicates that 

this type of modified net rarely caught chinook salmon. There was 

little difference in the catch of flatfish other than Pacific halibut 

between the nets, while the number of Pacific halibut caught was 

smaller with the modified net than with the standard net. The ratio 

of the catch of sablefish to the catch of pollack was higher with 

the modified ne~, and that of Pacific halibut to all other flatfish 

was slightly lower with the modified net than with the standard net. 

4. Conclusion 

Reviewing the observations mentioned above (Fig. 8), respective 

modified net was evaluated whether if it is recommendable as a commer

cial gear as follows. In this evaluation, high catch efficiency for 

target species and the degree of reducing the incidental catches of 

species were cons{dered. --
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The large net with hanging ropes (Net A-1) successfully reduces 

the incidental catch of prohibited species and the species of small 

TALFF while maintaining the catch of pollack at the same level. 

Although there is some problem with the reduced catch of flatfish 

other than Pacific halibut, it can be concluded that this type of 

fishing gear is useful for fishing operations targetted at pollack. 

The large net with a baiting panel of 2,000 mm mesh (Net A-2) 

substantially reduces the catch of pollack itself, although it also 

reduces the catch of Pacific cod. Therefore, it is concluded that 

it is not useful for commercial purpose. 

The large net with a inner wing section of 1,000 mm mesh (Net A-3) 

has characteristics similar to Net A-1; it reduces the catch of 

sablefish, Pacific cod and all flatfish while maintaining the pollack 

catch at the same level. Therefore, it is useful for fishing opera

tions targetted at pollack. 

The experiment on the small net with hanging chains produced only 

dubious result as already mentioned. Assuming that correct results 

were obtained in this series of experiments, a remarkable reduction in 

the catch of pollack means that it is not suitable for fishing opera

tions targetted at pollack. 

The small net with inner wing sections of 1,000 mm mesh (Net B-2) 

reduces the catch of pollack while maintaining the sablefish catch 

at the same level, which means that this type of fishing gear is not 

suitable for fishing targetted at pollack. However, with this net, 

the ratio of incidental catches of chinook salmon and Pacific halibut 

are relatively small while maintaining the catch of other flatfish at 

the same level. It may be concluded that this type of net is useful 

for fishing targetted at flatfish other than Pacific halibut. 

Tables 1 to 5 and Figs, 1 to 8 are in English in the 
Jaoanese document. 
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